Physics 1C
Lecture 12B

"Imagine if we taught baseball the way we teach science.
Undergraduates might be allowed to reproduce famous
historic baseball plays. But only in graduate school would
they, at last, actually get to play a game."
--Alison Gopnik

SHM: Mathematical Model
Equations of motion for SHM:

Remember, simple harmonic motion is not uniformly
accelerated motion

SHM: Mathematical Model
The maximum values of velocity and acceleration for an
object in SHM:

The velocity is 90o out of
phase with the
displacement and the
acceleration is 180o out of
phase with the
displacement

SHM – Example 1
Initial conditions at t = 0
are: x (0)= A and v (0) =

0

This means

φ=0

The acceleration reaches
extremes of ± ω2A
The velocity reaches
extremes of ± ωA

SHM – Example 2
Initial conditions at t =
are: x (0)= 0 and v (0)

0

= Vi

This means

φ = − π /2

The graph is shifted onequarter cycle to the right
compared to the graph of

x (0) = A

Mass-Spring
Energy
Let’s assume a spring-mass system is moving on
a frictionless surface

This is an isolated system, therefore the total
energy of the system is constant
The kinetic energy is:

KE = 1/2 mv
φ)
•

•

2

= 1/2 mω2 A2 sin2 (ωt +

The elastic potential energy is:

PE = 1/2 kx

2

= 1/2 kA2 cos2 (ωt + φ)

The total energy is:

KE + PE = 1/2 kA

2

Mass-Spring
Energy
Let’s assume a block moves to the right (+x) at
an initial velocity, vi, on a frictionless surface
toward an unstretched spring with spring
constant, k:

Initially, the total mechanical energy of the
system is entirely due to the kinetic energy of the
block:

E Tot = KE = mv
1
2

2
i

Mass-Spring Energy

Now, a little time later, the block has partially
compressed the spring a distance x and has
slowed to a velocity, v:

The total mechanical energy is now shared
between the kinetic energy of the block and the
spring potential energy:

E Tot = KE + PE spring = mv + kx
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Mass-Spring Energy

Then, a little time later, the block has fully
compressed the spring a maximum distance xmax
and has momentarily stopped:

The total mechanical energy is now entirely
stored in the potential energy of the spring.

E Tot = PE spring = kx
1
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2
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Mass-Spring Energy

Energy is not being lost in this ideal system (no
friction), so the total mechanical energy at all
of the previous locations is the same:
E =E
i
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With this equation, we can relate the velocity to
the position at any point in the mass-spring system.

SHM System

Example
A spring stretches 0.150m when a 0.300kg
mass is hung from it. The spring is then
stretched an additional 0.100m from this
equilibrium point and released. Determine
the maximum velocity of the mass.

Answer
First, you must define a coordinate system.
The equilibrium position has already been
chosen for you, let’s define axis y going up.

Answer

SHM System

Next, draw a force diagram for the mass when it is first
hung on the spring (before the spring is additionally
stretched):

Frestoring, spring on mass

+y

mass

Fgravity, Earth on mass

Since the mass is in equilibrium:

!k ("y ) = mg

Frestoring = Fg

!mg !(0.3kg)(9.8 N kg)
k=
=
= 19.6 N m
"y
!(0.15m)

Now, let’s turn to conservation of energy:

SHM System

Answer
Just before it is released, the energy in the system is
entirely spring potential energy:

E i = PE spring = ky
1
2

Ei =

1
2

(19.6 m)(!0.1m)
N

2
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2

= 0.098J

The maximum velocity will occur at equilibrium, so we
need to determine the energy there.

E f = KE = mv
1
2

2
max

v

2
max

Energy is conserved, so:

Ei = E f

v max

2E f
=
m

v max

2E f
=
m

2(0.098J)
=
= 0.808 m s
0.3kg

Mass-Spring
Period
Let’s examine two mass-spring systems with
the same masses but with different spring
constant

k = 1.0

T = 1/23

k = 0.1

T = 1/7.3

We took a spring with 10 times smaller constant
and got a period that increased by the square
root of ten.
The period will also depend on the square root
of the mass.

Simple Pendulum

The simple pendulum is another example of
simple harmonic motion.
Making a quick force diagram of the situation,
we find:
The tension in the string
cancels out with a
component of the
gravitational force
(mgcosθ).
This leaves only the
perpendicular component
causing acceleration.

Simple Pendulum

Looking back at Hooke’s Law:

! !
! F = Frestoring = "(constant)(displacement)

In this case we have:

Fg,x = !mgsin "
It doesn’t seem to
follow the pattern for
Hooke’s Law.
But at small angles
(θ<30o), we can say that
θ ≅ sinθ (if θ is in radians)

Simple Pendulum
In the tangential direction:
The length, L, of the pendulum is constant
and for small values of θ :

This confirms the form of the motion is SHM!
General solution:

θ = θmax cos (ωt + φ)

Simple Pendulum
The angular frequency is:

The period is:

The period and frequency depend only on
the length of the string and the acceleration
due to gravity
The period is independent of the mass

Pendulum Period
All simple pendula that are of equal length and
are at the same location (same g) oscillate with
the same period
Please note that the period of a pendulum
depends on different variables than the period of a
mass on a spring

For Next Time (FNT)
Start reading Chapter 13
Keep working on the homework for
Chapter 12

